Because pension plans have been marketed using outdated technical premises, Brazilian insurance companies find themselves required to identify additional resources to ensure their ability to meet future benefit payments obligations. When calculating the additional amount of this provision, the parameters used are: mortality and disability decrements, the structure of interest rates, financial performance, cancellation fees and conversion rates. The aim of this study is to present the estimation of conversion rates based on a Probit Model. The data for this study was obtained through the transfer of restricted data from the portfolio of a company with relevant activity in the Brazilian insurance market, including a group of 14,511 individuals eligible for retirement in the period between January 1, 2005 and December 31, 2009. The resulting analysis of the data allows us to conclude that two factors -the volume of accumulated reserves and the classification of prices as actuarially fairincrease the propensity of an individual to convert resources upon retirement. In turn, retirement age and the need for liquidity reduce the propensity to convert resources upon retirement.
Introduction
Since the advent of commercialized private complementary pension plans in Brazil between the 1970s and 1980s, pension institutions have been obliged to define a number of factors at the time of product approval. First, they must define the technical premises of the mortality table and the interest rate that will be used at the time of retirement to determine the benefit value or the income paid to the individual contingent upon survival of the participant. Second, they must define the value of the provision, to be shown on the insurer's balance sheet as the present value of future obligations corresponding to the established benefit.
However, since mid-2010, it has become possible to approve products with dynamic tables, so that the definition of the mortality table used for benefit calculation occurs only on the participant's retirement date. Prior to this, there would be no change to the guarantees for the benefits payment phase. In other words, the technical premises used for the original calculation of the benefit and the provision of benefits did not change from those defined when the contract was made years, sometimes even decades, before the date of retirement.
Failure to use premises that reflected real expectations of mortality, interest and conversion rates (the entrant may or may not convert the cumulative balance into income) at the time of retirement resulted in an inadequate calculation of benefits to be paid to the participant during their lifetime. This meant that the resources accumulated by the participant could end up being insufficient to secure future obligations towards benefit payments.
In 2002, the Superintendent of Private Insurance (SUSEP), the governmental regulatory body of the Brazilian insurance, annuity and open complementary pensions industry, created a new provision for the balance sheets of regulated companies. This provision would complement the calculated provisions of benefits both past and future, and thus assure sufficient funds for payment of contracted benefits.
The model for calculating the provision for insufficient contributions (PIC) allows for the use of various parameters, including conversion rate into income. The percentage that will be converted into income is not known in advance, because conversion is the prerogative of the participant; it is his or her decision whether to convert all, part or none of the benefit into income. Table 1 shows the influence of the conversion rate on the measurement of PIC. Table 1 shows the PIC values for a theoretical portfolio with accumulated resources in retirement (accumulated amount) of R$3 billion for five assumed conversion rates (from 0% to 100%). The PIC factor represents the insufficiency of reserves as a percentage of the accumulated amount.
This work aims to present a new method for estimating conversion rates (and therefore, also PIC) by using statistical techniques to study the behavior of individuals faced with the decision of whether to convert accumulated resources into actuarial annuities. BAR, Rio de Janeiro, v. 9, n. 4, art. 4, pp. 441-453, Oct./Dec. 2012 www.anpad.org.br/bar
The paper is organized as follows: second section contains a review of the literature on the subject. Third section provides an explanation of the statistical techniques used to study the behavior of individuals and also discusses the data. An analysis of the results is presented in the fourth section and, finally, conclusions drawn from the study are discussed in the fifth section.
Literature Review
The literature on annuity conversions is extensive (Dus, Maurer, & Mitchell, 2005; Inkmann, Lopes, & Michaelides, 2011; Milevsky & Young, 2002; Purcal & Piggott, 2008; Yaari, 1965) and usually attempts to explain the reasons behind the low level of conversion observed worldwide in the field of open complementary pensions. Most of the papers try to understand such a puzzle, since "numerous households would benefit by increasing the share of their retirement wealth that is annuitized" (Benartzi, Previtero, & Thaler, 2011) .
There are six main reasons described in the subject literature that try to explain this puzzle: the presence of a bequest motive, or the desire to leave an inheritance to descendants; the existence of a social security system that covers the minimum costs for the needs of older people; the irreversibility of the decision to convert; lack of liquidity; level of financial wealth; and the offer of annuities at actuarially unfair prices. Yaari (1965) was one of the first authors to analyze conversion with a microeconomic model. In his study, the author concludes that the decision whether or not to convert accumulated savings into a lifetime annuity is affected by the desire to transfer wealth to descendants. A series of subsequent studies sought to measure this effect and results range from a strong influence (Bernheim, 1991; Purcal & Piggott, 2008) , to a negligible influence (Horneff, Maurer, Mitchell, & Stamos, 2010; Melia & García, 2006) . Milevsky and Young (2002) introduced a real options utility to identify the factors that encourage investors to delay the annuitization of their accumulated wealth. The authors demonstrate that the real option value depends on the consumer's private information, particularly their expectation of survival (based upon the condition and history of their health) and their degree of risk aversion. Milevsky and Young's conclusion is that many of the results presented in previous studies on the benefits of annuitization disregarded the irreversibility of the decision and the possibility that the structure of interest rate terms could change significantly over time. The healthier and more risktolerant the individuals, the greater the value of the option of postponing conversion. In other words, delaying the annuitization can bring opportunities for financial gain and increasing wealth. Individuals with impaired health also tend to delay annuitization. This delay is probably because a portion of the accumulated wealth would never be realized; the insurer would retain it. Conversion, then, appears suitable only for those individuals with significant risk aversion and good health. In other words, the higher the risk aversion, the greater the desire to transform accumulated wealth into income.
In the same vein, Davidoff, Brown and Diamond (2005) show that the combination of a lack of liquidity of lifetime incomes and an incomplete annuity market gives rise to an optimal solution characterized by a partial conversion of savings. Dus, Maurer and Mitchell (2005) tested a series of combinations between the option to convert into income and the option of programmed withdrawals (partial consumption of the accumulated amount). The results indicate that for neutral individuals or risk-takers, where technical premises of mortality reflect their reality, a programmed withdrawal option (self-annuitization) is more appealing, in part because of the flexibility offered by this payment method (it can be designed according to the needs of each person, at any point in his or her life). The authors also highlight how the high costs charged by pension institutions create annuities offered at actuarially unfair prices and thus a negative effect on the conversion rate. Purcal and Piggott (2008) studied the reasons for the low demand for voluntary annuities in Japan and, as done in previous studies, modeled the problem using the theory of utility maximization for the individual throughout his life. Their main contribution to the literature on this subject was to demonstrate that the retirement pension granted by Japan's social security (which absorbs most of the demand for annuities) and the high fees charged by the companies selling these products were very important factors on deciding whether or not to annuitize. These fees take into account not only longevity risk, but also anti-selection or adverse-selection risk (acquisition of income by individuals with an above-average likelihood of loss in greater proportion to individuals with a below-average likelihood of loss).
Finally, Inkmann, Lopes, and Michaelides (2011) report that financial wealth is one of the most important predictors of annuity market participation. That is because wealthier individuals can better afford and understand annuities. According to the authors "a unit increase in log financial wealth, which roughly corresponds to a 100% increase in financial wealth relative to the baseline, significantly increases the annuity market participation probability for the whole sample by 2.3%" (p. 293). Moreover, in the presence of a social security system that guarantees a minimal level of income during retirement, households with little wealth tend not to annuitize and may want to have an emergency fund that is liquid (Benartzi et al., 2011) .
Methodology
As the response variable analyzed in the problem has binary nature (to convert, versus not to convert), models from the limited dependent variable family were evaluated. From these models, Probit and Logit were selected. For the purposes of this paper, the Probit model is used to determine the propensity of an individual to convert into income, given a set of characteristics present at the time of retirement. The Logit model presents the marginal effects of the variables considered in the model. According to Wooldridge (2006) and Heij, Boer, Franses, Kloek and Dijk (2004) , Probit and Logit models have the following specification for the probability P:
In the Probit model, G is the normal cumulative standard distribution function, expressed by the integral:
where ( ) is the normal standard density:
In the Logit model, G is the cumulative distribution function of a random logistical standard variable, expressed by:
Evaluation of the model can be achieved by a model fit measure, the global correctly predicted percentage, which is obtained by comparing the number of times predicted y equals observed y, weighted by the fractions of zeros and ones in the sample. To calculate this model fit, it is assumed that if ( ) ( ) where c is a constant between 0 and 1 chosen arbitrarily. For the purpose of this study, the decision to convert is deemed success (y = 1), and the decision not to convert is deemed failure (y = 0). The features present in the G function include the reasons for conversion presented in the literature review plus a year variable, identifying the point in time at which the decision to convert or not convert was taken. The year variable attempts to capture the aggregated temporal effects. Additionally, the G function includes a genre dummy variable, which seeks to identify if there is change in behavior because of gender.
Information available in the data is used as proxies for these variables, as follows:
1. Proxy for financial wealth: available balance on the date of retirement; 2. Proxy for irreversibility of decision: age at date of retirement; 3. Proxy for necessity to liquidate: plan term, defined as number of years between commencement date of the pension plan and the date of retirement;
4. Proxy for classification of prices: contractual technical premises.
Our tests do not control for bequest motive, since marital status and the number of children data is not available.
Therefore, the summarized specification of the Probit and Logit models adapted to the problem in question is:
where u is the error term.
Information available in the data is associated with regression variables as follows:
1. To be informative about annuitization, financial wealth should be measured before the decision to annuitize takes place. Assuming that the available balance upon retirement represents the level of wealth of the individual, it is expected that the coefficient of this variable has a positive sign, i.e., the higher the balance available at retirement, the higher the propensity of the individual to convert resources upon retirement; 2. Assuming that advancing age is indicative of a reduction in survival time and that this reduction is strongly linked to an increased intertemporal discount rate (the notion that spending today is more important than saving today and spending tomorrow), it is reasonable to assume that the higher the age of the individual, the greater the weight of the irreversibility of the decision to convert. Given this assumption, it is expected that the coefficient of this variable has a negative sign, i.e., the higher the age of the individual, the lower his/her propensity to convert resources upon retirement;
3. Assuming that the period of resource accumulation in the complementary pension plan represents the individual's commitment to save and, consequently, to postpone consumption of those resources, it is feasible to assume that the longer the plan term, the less the individual's need for liquidity. Given this assumption, it is expected that the coefficient of this variable will have a positive sign, i.e., the longer the plan term, the higher the individual's propensity to convert resources upon retirement;
4. The price of the complementary pension plan is based upon the contractual premises of the actuarial table and the interest rate. After classifying the database premises into favorable, reasonable and unfavorable, it could be assumed that the lower the price, the greater the desire of the individual to acquire the plan. Given this assumption, it is expected that individuals with access to favorable plans will have greater propensity to convert their resources upon retirement than individuals with access to other plans. Similarly, individuals with access to reasonable plans will have greater propensity to convert their resources upon retirement than individuals with access to BAR, Rio de Janeiro, v. 9, n. 4, art. 4, pp. 441-453, Oct./Dec. 2012 www.anpad.org.br/bar unfavorable plans. Because the unfavorable premise was used to define the base scenario, it is expected that the coefficients of these variables will have positive signs with the value of the coefficient of the favorable premises greater than the coefficient of the reasonable premises;
5. Considering that most pension plans marketed until 2007 were quoted based on the experience of male mortality, and given that life expectancy for females is greater than that of males, it is possible to assume that this advantage will motivate women to convert at a higher rate than men. Given this assumption and the fact that the base scenario was constructed with females, it is expected that the coefficient of this variable will have a negative sign, i.e., men are less prone to conversion than women.
Results
The data for this study was obtained through the transfer of restricted data from the portfolio of a company with relevant activity in the Brazilian insurance market. The company's name is withheld owing to a confidentiality agreement with the authors of this paper. For ethical and strategic reasons, the company provided only the minimum amount of information deemed necessary for this study.
Included in the information provided are the following: a group of 14,511 individuals eligible for retirement in the period between January 1, 2005 and December 31, 2009; the balance of the mathematical provision of benefits to be paid on the retirement date; retirement age; the term of each individual's plan; the classification of the technical premises of the plan; the sex of the individual; the date of retirement and the individual's decision whether to convert or not convert resources upon retirement. Additionally, the database was restricted to individuals with minimum accumulated reserves of R$3,500. The cutoff value was determined by observation of the available data to identify the lowest value of reserves converted upon retirement during the period analyzed. Table 2 contains the analysis of the model's main quantitative variables within the following groups: consolidated (converted and unconverted), converted (those who opted to convert resources upon retirement) and unconverted (individuals who opted not to convert resources upon retirement).
Analyzing the main descriptive measures of the two study groups, it can be observed that the average reserves of the group of individuals who converted resources upon retirement (R$268,901) is higher than the average reserves of the group of individuals who did not convert (R$87,837). Given the wide dispersion range of the variable reserves, it was necessary to make a monotonic transformation. Thus, the Probit and Logit model parameters were estimated using the natural logarithm of this variable.
The variable exit age is normally distributed, assuming 18 years minimum value, 99 years maximum, mean and median of 62 and 63 years, respectively, and standard deviation of 11.59 years. Even when segregated into converted and not converted groups, these figures do not differ greatly.
The variable plan term assumes values between 0 and 25 years, with mean and median around 4 years and standard deviation of 3.97 years. The same pattern of behavior mentioned in the analysis of the variable exit age is seen here, i.e., no major differences are seen when the data are segregated into the converted and not converted groups.
BAR, Rio de Janeiro, v. 9, n. 4, art. Table 3 shows the proportion of individuals who opted to convert resources upon retirement versus the proportion of individuals who opted to not convert these resources, presumably due to their personal characteristics or the characteristics of their plans. It can be seen that in all cases the percentage of individuals who chose not to convert resources is much higher than the percentage of individuals who opted for conversion, as has been observed and recorded in the literature.
Regarding plan features, it can be seen that the scenario with the unfavorable premises has the lowest conversion ratio (3.20%). This may be associated with the individuals' perception that the plan has actuarially unfair prices. A higher conversion rate was expected for the favorable premises scenario than for the others, but in practice, there was a slightly higher level of conversion for the reasonable premises scenario (12.50%) than for the favorable (8.59%). It can also be observed that females had a conversion rate (4.97%), slightly higher than that of males (4.45%). Table 5 shows data for the qualitative variables of the model by year of eligibility and decision to convert. It is possible to observe some variability in the number of individuals eligible for retirement each year. This variability becomes greater in the converted group, which shows a minimum quantity of 70 individuals opting to convert in 2006 and a maximum quantity of 172 individuals opting to convert in 2007. Before fitting the Probit model, the correlations between the explanatory variables were analyzed to avoid multicollinearity, leading to a possible inconsistency of the estimated coefficients for the model. The explanatory variables ln (reserves), age at the date of retirement and plan term presented weak correlations in pairs, with the highest correlation between age at the date of retirement and term plan(equal to -0.1966); thus there is no multicollinearity in the specified model. Table 6 shows the estimated parameters for the Probit model. Robust standard errors by Huber & White method was used to correct heteroscedasticity. All the explanatory variables were statistically relevant at 5%. Variables indicating the years of the study (dummy variables) were used in the model only to control a possible temporal effect, since the data were collected from 2005 to 2009. The use of these control variables is important to prevent the explanatory variables to capture some temporal effect related to macroeconomic changes over the period.
The positive sign of the coefficient of the variable ln (Reserves) indicates that the higher the value of reserves the greater the propensity of the individual to convert resources. This finding is in line with the expected result for this variable. The negative sign for the coefficient of the exit age variable conforms to the expected result and indicates that the greater the age of the individual, the lower their propensity to convert resources upon retirement. This decision may be justified by the greater proximity to death and, consequently, by a desire to spend more today rather than save to spend tomorrow.
The negative sign for the coefficient of the variable representing plan term indicates that the longer the plan term, the lower the propensity of the individual to convert resources upon retirement. This result also contradicts the expected result. It is possible that this divergence is a reflection of the individual's changing need for liquidity during retirement as compared with his/her employment period. However, this hypothesis needs confirmation through further empirical studies.
The positive sign for the coefficients of favorable and reasonable premises suggests that the more favorable the premise, the greater the propensity of the individual to convert resources upon retirement. Given the lack of interest in conversion noted in the population with unfavorable plans, it can be said that this factor is significant in the investor's decision-making at the time of retirement.
Because the baseline scenario was constructed with women, with a negative sign for the coefficient representing men, it is possible to infer that males have a lower propensity to convert resources upon retirement than females. The result found is consistent with the expected result. Females are offered an opportunity by cheaper pricing that does not accurately reflect their life expectancy.
All the dummy years except 2009 are statistically relevant (with a significance level of 10%), in other words it may be deduced that dummy years capture the economic effect associated with macroeconomic changes over the period. Table 7 shows the estimated parameters for the Logit model. An advantage of this model, compared to Probit, is the possibility of estimating marginal effects, based on the results. According to Hair, Anderson, Tatham and Black (1998) , the marginal effect is calculated based on the following expression: exponential of the Logit model coefficient minus 1 and multiplied by 100, which represents the percentage change in the chance of conversion for increase of one unit of the variable. If the explanatory variable uses the logarithmic transformation, the marginal effect is itself the estimated coefficient.
Thus, using the results of Table 7: 1. An increase of 1% in reserves, ceteris paribus, increases the chance of conversion of resources into income by 0.57%;
2. An increase of one year in the exit age of the individual, ceteris paribus, reduces the chance of conversion of resources into income by 2.16%;
3. An increase of one year in the term of an individual's plan, ceteris paribus, reduces the chance of conversion of resources into income by 8.63%;
4. The individual's access to a plan quoted with favorable premises compared to a plan with unfavorable premises, ceteris paribus, increases the chance of converting resources into income by 295%.
5. The individual's access to a plan quoted with reasonable premises as compared to a plan with unfavorable premises, ceteris paribus, increases the chance of conversion of resources into income by 177%.
6. The fact that an individual is male as compared to female, ceteris paribus, reduces the chance of converting resources into income by 50.76%. 
Conclusion
For decades, the Brazilian insurance market has sold complementary pension plans with outdated technical premises. Insurers have had to make available sufficient additional resources to cover eventual deficits, guaranteeing to participants and to the regulatory body that they are creditworthy and can meet their obligations towards payment of benefits.
Allocating the resources needed to meet this provision is the responsibility of insurers, so that participants and beneficiaries are fully guarded against any imbalance generated by the way these plans were marketed. It is, therefore, vital to estimate the inputs of the model used to calculate this provision as accurately as possible.
Analyzing the influence of the characteristics for each individual in the database indicates that both the volume of accumulated reserves and the classification of prices as actuarially fair increase the propensity of individuals to convert resources upon retirement. In turn, the retirement age and the need for liquidity reduce the propensity to convert resources. Additionally, the study revealed that men tend to have a lower conversion rate than women.
The above results are of great importance to insurers because they clearly demonstrate the marginal impact of statistically significant explanatory variables. The model shown can be reproduced relatively easily and enhanced with other defining characteristics to help identify the individuals with a high propensity to convert resources upon retirement. This flexibility makes it an even more important tool for the process of calculating the eventual deficit associated with a benefit plan.
It should be noted that enhancing the analysis presupposes the existence of additional information from the institution, which calls for the generation of additional data about individuals: income level, marital status or number of dependents, for example. With this additional data, future research could examine whether the estimated marginal effects still hold. Future research could also examine the findings for the coefficient of the variable plan term, which contradicted the expected results.
